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[57] ABSTRACT 

The invention provides a transceiver which is preferably 
used for high speed communications between a customer 
location and a central office over a subscriber line. The 
transceiver uses a pseudorandom noise generator both to 
provide a coirelation for a complementary transceiver to use 
in achieving synchronization and as a way to transmit data 
in an extremely robust fashion. In addition, the transceiver 
uses frequency domain multiplexing so that downstream 
data and upstream data are transmitted by their respective 
transceivers in completely separate and distinct frequency 
bands. In order to achieve high data transfer rates, the 
transceivers can operate in an asymmetrical manner, 
whareby cither (but, typically, the central ofiEcc) transceiver 
can transmit data at a higher rate than the other transceiver. 
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RATE ADAPTIVE DIGITAL SUBSCRIBER 
LINE ("RADSL") MODEM 

BACKGROUND OF THE INVENTION 

The present invention relates to a high speed moderiL la 
particular, the present invention relates to a modem which is 
iDteoded for use between a subscriber's location and a 
telei^one con^>any central office. 

Modems have been used for many years to modulate and 
demodulate digital signals for transmission over teiephoac 
lines. As the demand for higher and higher transmission 
speeds have increased, newer technologies have been used 
to pn-ovide modems which are able to more effectively meet 
such demands. 

With data transfer speeds ever on the increase^ problems 
have developed in achieving the highest possible data trans- 
mission speeds in specific situations. 

SUMMARY OF THE INVENTION 

In accordance with the preferred embodiment of the 
invention, a modem has been developed which is able to use 
Plain Old Telephone Service (* WTS") to provide bit rates 
ranging from approximately 600 kilobits/second C'kb/s"*) to 
speeds greater than 7 Megabits/second C'MB/s") from &e 
lietwork (central office) to the customer premises, and from 
i^proximately 136 kb/s to at least 1 Mb/s from the customer 
premises to the network. 

The present invention is designed to operate on single 
twisted metallic cable pairs which extend between die 
customers premises and the netw(»-k. 

BRIEF DESCRIPTION OF THE DRAWING 

Id the Drawing: 

FIG. I illustrates a schematic diagram of a typical system 
of the type used in the present invcntioD; 

RG. 2 illustrates the frequency domain multiplcung 
whic^ is used by the system In accordance with the present 
invention; 

FIG. 3 is a diagram illustrating die synchronization sig- 
nals received by the receiver in response to the receiver's 
receipt of die FN signal transmitted by the transmitting 
transceiver when conomunicalions are established 

FIG. 4 is a block diagram of die startup handshake/data 
signal generates of the present invention; 

FIG. 5 is a flow chart illustradng the startup procedure 
used by the preferred embodiment of the transmitting trans- 
ceiver of the present invention; 

FIG. 6 is a flow chart illustrating the startup procedure 
used by the preferred embodiment of the receiving trans- 
ceiver of the present invention; 

RG. 7 is a block diagram of the auto-baud/fbted baud 
state diagram in accordance with the preferred embodiment 
of the present invention; 

RG. 8 is a flow chart illustrating the procedure used by 
the preferred embodiment of the Invention for performing 
auto-baud; 

RG. 9 illustrates the constellation used during the initial 
handshake; and 

RG. 10 is a high Level depiction illustrating the startup 
signals on the subscriber line. 

DETAILfiD DESCRIFTrON OF THE 
PREFERRED EMBODIMENT OF THE 
INVENTION 

In accordance with die present invention, a system 10 
employing Rate Adaptive Digital Subscriber Line 
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("RADSL") transceivers 12, 14 based upon the Carrierless 
AM/PM ("CAP*) modulation scheme is illustrated in RG. 
1. As shown» dicre is a RADSL modem, or transceiver 12. 
located at a customer's location, and a complementary 
5 RADSL transceiver 14 located at the central office of die 
local tclq)honc coiiQ)any. The transceivers 12. 14 are con- 
nected together over a communications channel 16 which 
generally conqvises a standard twisted pair of metal wires, 
of die type long used in Plain Old Tclcfrfionc Systems 
("POTS"). 

In accordance with the invention, the transceivers 12. 14 
are able to communicate digital data between dieir respec- 
tive locations at extremely hig}) data rates. In particular, bit 
rates ranging from approximately 600 kb/s to approximately 
7 MB/s can be a(^eved for data transferred from the 
network (central ofScc) to the customer prenodses. and bit 
rates of ^^proximately 200 kt>/s to 1 Mfa/s can be achieved 
for data transferred from the customer prcnuses to the 
network. The foregoing is accomplished by use of a number 

2Q of techniques, described herein* which enable the data to be 
modulated and transmitted over die POTS system. 

Referring to FIG. 2. one technique used by the present 
invention is to s^arate the bandwiddi of the line whereby 
the actual data being transmitted "nipstream*". i.e., from die 

25 customer's location to the network, is transmitted in a first 
band 18. having a frequency which runs upward from f^, 
while the data which is transmitted "downstream"". i.c.. from 
the network to the customer's location, is transmitted in a 
second, higher frequency band 20. which has a frequency 

3Q which runs upward from fj. As illustrated in RG. 2, the 
highest frequency in the upstream band 18 is separate (Le.. 
lower than) from the lowest frequency, f in the downstream 
band 20. As further illustrated in RG. 2. tiie lowest 
frequency, f|, in the upstream band 18 separated from, and 

35 higher than, die typical POTS frequency of 4 kHz. 

In view of the above, it can be seen that in accordance 
widi the invention, die transceivers 12. 14 of FIG. 1 are each 
transmitting over the communications channel 16 in differ- 
ent frequency ranges 18, 20, as illustrated in FIG. 2. Further, 

40 in accordance with the present invention, as the ability to 
achieve die highest possible data transfer rates in a particular 
objective of die invention, it is not necessary to have both of 
the transceivers 12, 14 transmitting at the same rate. 
Accordingly, it is within the scope of the invention to have 

45 either the customer's transceiver 12, or (more typically) die 
network transceiver 14 transmitting at a higher data rate. 
Thus, it is within die scope of the invention to have die 
transceivers 12, 14 provide for asymmetrical data transmis- 
sion rates. 

50 An objective, dierefore. of the present invention Is to 
provide a means by which die transceivers 12. 14 can 
establish a reliable coimection with one another while maxi- 
mizing diefr ability to reliably transmit data at the highest 
possible rates. Witii the foregoing objective in mind, die 

SS present invention provides a means by which the transceiv- 
ers 12, 14 can initialize communications and establish die 
highest possible data transmission rates over the communi- 
cations channel 16, which is comprised of a metal twisted 
pair which extends between the customer's location and the 

60 network. 

To accomplish this goal, the present invention requires a 
robust scheme for providing the Liitial start-up of commu- 
nication between the transceivers 12. 14. The intent of this 
start-up procedure is to allow die transceivers 12. 14 to 
65 establish their initial handshake, perform rate negotiation, 
provide a symbol/baud rate, and transfer such other infor- 
mation as fast, reliable communications require. 
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As is understood by those skilled in the ait. the tenn 
"consteUailon*' refers to a mechanism by which a data bit 
stream can be converted into symbols for transmission over 
the communications channel 16. The "size** of the constel- 
lation is determined by the number of bits which can be 
encoded into cadi symbol, while the largest size constella- 
tion which can be transferred over the communications 
channel 16 is determined by the quality of the communica- 
tions channel 16. 

From the perspective of bit stream transfer, the higher the 
symbol rate which can be transferred over the communica- 
tions channel, fcr a given number of bits/symboL the higher 
the data transfer rate over the channel. Alternatively, the 
larger the constellation (meaning the greater the number of 
data bits which are encoded, on a per symbol basis), the 
higher the data transfer rate over the channel. Thus, if a 
particular channel 16 is able to support both a high symbol 
rate and a large constellation, a hl^ data transfer rate will 
be supported on the channel 16. AccOTdingly, it is an 
objective of tiie present invention to determine both the 
highest symbol rate and the largest constellation whirfi can 
be reliably suppc^d on the channel 16. 

In order to accomplish these goals, a handshake/data 
signal generator 22, illustrated in FIG. 4 is used to perform 
the rate negotiation of the RADSL transceivers 12. 14 of the 
present invention. In particular, the invention enq>loys a 
RADSL transceiver which is able to support a 
predetermined, finite set of constellations and baud rates, 
one of which will be selected for each startup. lo performing 
the startup sequence* there is an initial training sequence 
which uses an extremely robust scheme to assure detection. 
This is needed, because at startup the receive and the timing 
recovery function are not yet q)erational. The scheme 
selected for use in the preferred embodiment of the inven- 
tion uses a binary pseudorandom number ("PN") sequence 
which is spread over a large number of symbols. In the 
pr€f erred emtK)diment of the invention, die PN is 63 sym- 
bols long, although other values (preferably of ttie form, 2" 
-1, may be used). Since the information in the FN is spread 
over many symbols, detection is very reliable and robust, so 
can be made without the need for ad^tive ftlteis or timing 
recovery. The benefit of using tiie FN is that a synchroni- 
zatioo detection device, in the receiver, can use a correlator, 
which matches the synchronization signal, and yields dis- 
tinctive signal characteristics which can be used to differ- 
entiate the synchronization signal from the data signal in 
noisy environments. In the present invention, this feature is 
used to provide a particular training signal to the receiver. 

The handshake of the present invention is highly robust in 
that it is preferably based upon a PN having a length of 63 
symbols. Thus, while it is relatively time consuming to send 
63 symbols to represent a single **r bit, the long PN 
sequence allows the receiving transceiver 14 to use a corr- 
elator to uniquely identify that the transmitting transceiver 
12 has, in fact, sent a "I". Similarly, in accordance with the 
preferred embodiment of the invention, in order for the 
sending transceiver 12 to send a **0" bit, it will send 63 zero 
symbols. By using this method, and by performing it at a low 
baud rate, there is a very low error rate, irrespective of the 
quality of the oonununications channel 16. 

This ability of the synchronization detection device in the 
receiving transceiver 14 to differentiate the synchronization 
signal from the data signal in a noisy environment Is based 
upon the use of the PN sequence in the header of the 
transmitted signal. When such a PN sequence is repeated at 
the transmitter and correlated at the receiver with a copy of 
the non-repeated pattern, the correlator produces a high 
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value (peak) when there is a match and low values (quiet 
zone) otherwise. Since the sequence is repeated, information 
known, a priori, about tfie periodicity and the width of the 
peaks and quiet zones can t>e used to enhance detection 

5 reliability. Acccrdingly, the particular synchronization pat- 
tern used, has distinctive properties in its autoocdrelation 
function, so its use preferably improves the synchronization 
reliability of the system. This feature of the invention is the 
reason for using the PN in the header. 

JO When such a sequence of length, N. with symbols assum- 
ing die values, "1" and **-r (which substitutes for "0"), is 
repeated at the transmitter and correlated at the receiver, 
which uses a stored copy of the sequence with values, "1" 
and "0". the correlator ou^ut yields a high peak when the 

J J sequence is matched and a low value otherwise. It is also 
possible to use the sequences of "r and "0** vahies at the 
transmitter and correlate with a stored copy of a sequence of 
"r and (which substitutes for ^^O") values at Ae 
receiver. 

20 With reference to FIG. 3. the "wake up" sequence used by 
the transmitter is illustrated to be a continuous PN header. 
The correlator in the receiver continuously looks for a "1", 
which corresponds to the recognition of the arrival of the 
PN. Upon receipt of a valid PN signal, as illustrated at 102, 

25 104. 106, the receiver continues to look for either a "1**, 
corresponding to the receipt of another PN signal foUowing 
a time period indicated by the PN window 108. As there is 
assumed to be no synchronization between the transroitto* 
and the receiver, the receiver looks for a high signal, 

30 representative of a bit during a time period represented 
by the peak detect windows 110, 112. 114, 116, 118. As 
illustrated, these peak detect windows 110. 112. 114. 116. 
118 are time periods at the end of a FN window during which 
a bit is expected. Consequently, if the comlator indicates the 

35 present of a hig^ signal, as shown at 102, 104, and during the 
peak detect windows 110, 114. 116. 118. then a "1" is 
recognized by the receiver. Alternatively, if there is no high 
signal present, as illustrated in the peak detect window 112. 
then a **0" bit is j^csumcd to have been sent 

40 Due to the fact that data is sent in bytes, in a so-called 
'*trailer^ 120. the present invention uses a particular data 
format in the preferred embodiment so that the receiver can 
both receive ^atsi of unspecified length, and remain synchro- 
nized with the transmitter, using only the correlator, and 

43 without actual synchronization. With continued reference to 
FIG. 3, the format of the trailer information is preferably in 
the form of 8-blt bytes which follow the ^Vake-i^" signal 
100. The indication to the receiver that the **wake up** signal 
100 has ended and that trailer data is about to be sent is the 

50 presence of a **0*' bit ("start bit**), as illustrated at 112. 
Following the transmission of the stan bit, ST, the transmit- 
ter will send data bits in 8-bit bytes. As the receiver has no 
way of knowing (in advance) how many data bytes will be 
sent, in the preferred embodiment of the invention, every 

55 eighth Wl (i.e., bits I7, I^. Ijj, hi ) will be used as a 

"continuation bit", and it will be set to cither a "P, to 
indicate that another data byte is to be sent, or to a **(r, to 
indicate that the byte just sent was the last byte to be sent 
Following the transmission of the last data byte, a parity bit 

^ and two stop bits are transmitted In the preferred embodi- 
ment of the invention, which happens to use odd parity, 

A particular advantage of using a as the continuation 
bit is that its presence may be used by the receiver to keep 
the receiver in synchronization wi^ the transmitter by 
63 restarting the PN window, and thereby rccentcring the peak 
detect window around the expected time of receipt of the 
continuation bit, upon the receipt of each continuation bit 
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While the foregoing explains the manner of peif orming determined by an initial request made by either modem 12, 

both synchronization and data transmission during the start 14 when communications are established. The decerminatioD 

up handshake in accordance with the preferred embodiment of which mode to select is included in the trailer data of the 

of the invention, tiiose skilled in the art will recognize that initial entry. As used herein, when a transceiver 12 operates 

other techniques could be used. 3 in fixed mode the transceiver U requests a single baud rate 

In accOTdance witfi the invention, the handshake starts to estabUsh the connection, althou^. as always, all of the 
wife a transmitter operating at the low predetermined baud available baud rates arc prcfaably Ustcd. The lowest corn- 
rate which has previously been established. The low baud mon symbol rate which exists between the transceivers 12, 
rate provides the maximum loop reach for the transmitter. 14 will be used. In auto-baud mode, on the other hand, at the 
Tlie use of a common, low baud rate guarantees the com- lO end of the startup handshake, the transceivers 12, 14 wiU go 
patibility with other RADSL products, into a timed testing mode in which the signal quality and 

While other information can be negotiated, in accordance ^ ^^^^^ all possible configt^tions^ Tlje 

widi the pntferred embodiment of L invention, the first ^""l^^ are then stored and used to request a fixed baud rate 

thing which two transceivers 12. 14 negotiate is the symbol connection. 

rate which they will use. Since the consteUation size (i.e., its A feature of the present invention is that optimum 

bit/baud, or bit/symbol size) does not effect the frequency constellation. RS frame size, and interleaving depth can be 

placement or the bandwidth the transmitter is using, the determined at the end of the receiver training period and 

selection is preferably negotiated at die end of the startup before startup is completed. 

using receive signal to noise ratio measurements. Yet another feature, which is of conunercial interest to the 

Modems of the prior ait such as CX3TT standard V.34 ^ network owno" is the ability to limit the maximum rate at 

modems, initialized communications with one another by which the transceiver 14 will operate based upon subscrip- 

first listing which the baud rates they siqjported. Then they tion options selected by particular customers. For example, 

went into a test mode to determine which of the supported if a customer's transceiver 12 is capable of receiving at 7 

baud rates was die highest one which could be used for each MWs, but the customer has selected only I MWs service, 

new connection. They perform this testing anew each time ^ then the network owner can program its RADSL transceiver 

a connection is made. 14 to provide no more than 1 Mb/s service to the transceiver 

On the other hand, a transceiver 12 built in accordance 
with the present invention negotiates its symbd rate by first Referring now to FIGS. 4. 5. and 10. ttie handshake/data 
sending aUstofthe symbol rates which is can support Then ^ signal generator 22 of the present invention, and its 
it sends a request to use a particular one of the supported operation, will be explained in greater detail. The 
baud ratcs» but no testing is perfumed. This can be accom- handshake/data signal generator 22 accepts serial date into a 
pushed by the modems 12, 14 of the present invention, as scrambler 24 on a data line 26. The output of die scrambler 
they are always being used to connect to each other over the 24, which is used to rand<Mnize the bit stream before the bits 
same line 16. Due to the fixed line 16 between the modems 3^ arc mapped into symbols, goes du-ough a bit to symbol 
12, 14, once testing has been accompUshed. and die test mapping process 28. The specific bit to symbol mapping 
results have been stored, tfiere is generally no need to retest which is used is determined by the startup stote machine 30 
on each new connection. which also controls various other devices, such as tiie 
Another difference between the modems 12, 14 of die multiplexers 32, 34. and the symbol^aud and dock genera- 
present Invention, and those known in the prior art is that 40 ^* 

during the initial exchange of all available baud rates the As explained above, during the initial handshake, a FN is 
modems 12. 14 each learn of the odier's capabilities. used. Hie PN is genca^cd by a FN symbol generator, which 
Accordingly, in the event that it becomes necessary to provides one of tbt possible inputs into a multiplexer 40. 
change baud rates due to changes in the line condition, the Also, as explained above, a zero symbol genwator 42. 
other transceiver 14 wiU abeady known the baud rates which 45 represented by the •'0" symbol provides the other possible 
the transceiver 12 can support. Thus, if the modems IZ 14 input into tfic multiplexer 40. The input whether a 'T, i.c.. 
recognize that diey arc experiencing a very low chot rate the FN, or a "0". from die zero symbol generator 42. is at 
over a suitable time period, they can agree to go to a higher least 63 symbols long in the preferred embodiment of die 
baud rate, if they are already aware diat a higher, commonly invention. The data which is actually sent by die multiplexer 
available baud rate is supported. Alternatively, they can go 50 40 is determined by die initial handshake and rate negotia- 
te a lower, commonly supported baud rate if line conditions tion which the RADSL transceiver performs. The output of 
indicate that too many errors have occurred during some the multiplexer 40 provides an input into the multiplexer 32, 
period. whose output in turn, is an input into the multiplexer 34. 

As training progresses, e.g.. foUowing die initial negotia- As shown, the output of multiplexer 34 goes through a 

tion of baud rate, the number of bits/symbol (ie., bits/baud), 55 filter 44 and a digital to analog ("D/A"> converter 46. from 

as well as odicr parameters, including Tomlinson precodcr which it exists as an analog transmit signal on line 48. 

coefficients and forward enx>r correction parameters, such as The foregoing illustrated how the initial negotiation takes 

frame size and interleaving depth, which are used by Reed- place. Once that has been accomplished, the final handshake 

Solomon C^RS"") codes, are negotiated, as will be understood negotiation exchange, in which Tomlinson precoder 

by those skilled in the art. Other data, such as die error count 60 coefflcicQts. forward eiTcr correction parameters (e.g.. RS 

and the signal to noise ratio accumulated during the last codes), final baud rate, and constellation settings are 

startup period in which auto-baud testing (sec bdow) was transmitted, are accomplished using die multiplexer 50. 

used, can also be transferred, and it is transferred in die whose output also goes to multiplexer 32. and then ulti- 

preferred embodiment of die invention. mately out onto the line 48 as an analog signal. The inputs 

In accordance with the preferred embodiment of die 65 to mult^lexer signal, shown as "A". "B", "C*. and "D**, are 

invention, the transceivers 12, 14 can operate either in fixed representative of die data which is sent during the final 

mode, or in auto-baud mode. The use of auto-baud mode is handshake. Note, ttiat die initial handshake, for purposes of 
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maintaining a robust system, uses the constdlatioa illus- as for the initial synchroniiation. This encoding of actual 

(rated in FIG. 9 for daU exchange, as it is highly error data onto the PN. as explained, is relatively slow, as it takes 

resistant 63 symbols (in the preferred embodiment) to send a single 

With reference to FIG. S. a flow ch«t Ulustrating the eZSe^l'^lo^T.hl'^S 

• J ■ J T. ».^»»»«^^»».it^k 5 robust To further enhance the operation oi the present 

mitial handshake procedure IS shown to order to ac^^ 5 .^^^^^.^^ negotiation, the transceivers 

the robustness of the mvcnUon, a contmuous PN CAP signal ^^^^^ information about themselves, including both the 

is sent In accordance with the preferred embodiment of the desired symbol rates, and the list of available symbol rates. 

invention, a 63 symbol PN is sent to rqjresent a data bit of negotiation, is based entirely upon the trailer, rather 

**r. while a 63 symbor*0" symbol is sent to represent a data ^ testing. 

bit of '*0". Thus, information is transmitted for the initial lo another feature of the present invention, not hereto- 

handshakc/rate negotiation by a relatively slow, but highly used, is that the transceivers use frequency division 

robust procedure. As used in the preferred embodiment of multiplexing, to separate the upstream and downstream data, 

the present invention, and as illustrated din FIG. 5, data is together with symbol negotiation, 

transmitted using the coding scheme described to transmit j claim: 

bits which make up bytes. When long pieces of dau 13 ^ ^ adaptive digital subscriber line ("RADSL**) 

(information bytes) must be transmitted, a scheme employ- transceiver system for use between a customer location and 

ing a continuation bit (a "1") is sent as a so-called "con- ^ central office, comprising: 

tinuation" bit whose presence indicates that additional frequency division multiplexer means for providing 

trailer Information is forthcoming. If it is not necessary to frequency division multiplexing, whereby upstream 

send traUer information, then, at the completion of sending 20 customer to the central office is all placed 

the current byte, a "0" bit, followed by a parity bit and two mttm a first frequency range, and downstream data, 

stop bits are preferably sent (to indicate the end of the trailer ^^^^ ^^^^3^ customer location, is 

information) in lieu of another continuation bit Of course, placed into a second frequency range, there being no 

die particular encoding scheme, while preferred, could be overlap between said first frequency range and said 

changed without departing from the overall scope of the 25 second frequency range; 

invention, j3jg negotiation means for providing rate negotiation 

With reference to FIG. 6. the operation of the receivii^ between a customer transceiver, located at the customer 

transceiver 14 is illustrated in a flow chart. As illustrated, the location, and a central office transceiver, located at the 

transceiver 14 continuously searches for a sequence cone- ^ central office, and 

spending to a PN. Upon detecting the wake \xp sequence (c) a pseudorandom noise ("PN^)generat<M:fOT generating 

using the PN conrelator» the transceiver 14 looks for a start ^ ^ ^ ^ j^j^g utilized by said rate negotiation 

bit and foUows a procedure which is complementary to that correlation and hi^ data rate transmis- 

set forth above, die details of which arc set forth in die flow gj^jj 

chart of FIG. 6, 2. The transceiver system as defined in daim 1, wherein 

Referring now to FIGS. 7 and 8, the auto-baud operation the first and second frequency range arc each defined by 

of a transceiver 12 (at the custonur's location^ CP) and a lower and upper frequency liinits. 

transceiver 14 (at the central office, CO) are shown. The 3. The transceiver system as defined in daim Z, wherein 

transceivers 12, 14, are controUed by state machines 60 the lower frequency limit of the first frequency range is 

whidi control data transmission and reception through mul- ^ greater than four kilohertz. 

t^lexcrs 62. Test generators 64 which supply inputs to die 4, The transceiver system as defined in daim 2, wherein 

multiplexers 62. are used, as will be explained with refer- the lower fr^uency limit of the second frequency range is 

ence to the flow chart of HG. 8, to generate data which is greater than the upper frequency limit of the first frequency 

used by the other transceiver to detect errors using an error range. 

rate detector 66. The state machines 60 are able to collect 5. jjie transceiver system as defined in claim 1. wherein 

data from the error rate detectors 66 and stc^e that data in an the first and second frequency ranges are dynamically 

appropriate memory storage means 68. definable, and are established in response to the rate nego- 

With reference to die flow chart of FIG. 8, the auto-baud tiadon means, 

test, in accordance with the preferred embodiment of the 6. The transceiver system as defined in daim 1, whaein 

invention, is described. As illustrated in the flow chart if an 50 the pseudo-random noise sequence utilizes sixty-three sym- 

auto-baud test is requested, information about the length of bols to represent a single bit 

the test will be transmitted. Assuming that die test is 7. The transceiver system as defined in claim 1, wherein 

successfully completed, the highest allowed baud and opd- the communication between die customa location and die 

mum constellation for die user prograimnable noise margin central office is performed in accordance with a carrierless 

wiU be selected. As illustrated in the flow chart if no 53 AM/PM ("CAP^) modulation scheme, 

auto-baud test is selected, the results which were stored 8. The transceiver system as defined in daim 1, wherein 

when the last, prior auto-baud test will be used. the communication between the customer location and the 

Alternatively, if no auto-baud test was ever completely central office is performed in accordance with a quadrature 

performed, ttien die transceivers will start using the lowest amplitude modulation CQAAT) scheme, 

baud, or, alternatively, by using a user programmed baud go A method for establishing a high-speed data commu- 

nication connection over a plain old telephone service 

WhUe die present invention has been described widx ("POTS") between a central office transcdvcr and a remote 

reference to die use of a CAP system, diose skiUed in die art transcdvex by executing an initial training sequence com- 

will recognize diat a quadrature amplitude modulation prising die steps of: 

("QANT*) system could also be used without departing from 65 utilizing a common, reUtively low symbol rate; 

die spirit or scope of die invention. As explained, die PN is negotiating a symbol rale by first sending from die remote 

used in the present invention to actually send data, as well transcdver to the central office ttansceivcr a list of 
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symbol rates supported by the remote transceiver, theo 
receiving horn the ceatial office transceiver a list of 
symbol rates supported by the central office transceiver, 
then sending a request for a specific symbol rate; 

negotiating additional communicating parameters; 

determining the optimum values for constellation and 
interleaving depth; and 

setting the constellation and interleaving depth to theh- 
dctcrmincd. optimum values. 

10. The method as defined in claim 9. wherein the 
additional communicating includes one or more parameters 
selected from the group consisting of: 

Tomlinson precoder coefficients; 
Reed-SolomoD forward error c<Hrecting codes. 

11. The method as defined in claim 9, further including die 
step of ascertaining subscription options selected by par- 
ticular customers. 

12. The method as defined in claim 11. further including 
the step of limiting the maximum rate at which die central 
office transceiver operates based upon the selected subscrip- 
tion options. 

13. The method as defined in daim 9. wherein die 
communication between the transceivers is performed in 
accordance widi a cairicrlcss AM/PM ("CAP") modulation 
scheme. 

14. The method as defined in claim 9. wherein the 
communication between the transceivers is performed in 
accordance with a quadrature amplitude modulation 
("QAM") scheme. 

15. Hie method as defined in daim 9. further including 
the step of negotiating a bit-per-symbol quantity. 

16. A method tea: establishing a high-speed data commu- 
nication coimection over a plain old telephone service 
("POTS**) between a central office transccivo- and a remote 
transceiva comprising the steps of: 

executing an initial training sequence; 

executing an automatic symbol rate startup sequence^ 
including the step of running a bit error rate test and 
examining a signal quality parameter from the 
transceiver, to establish the maximum supportable 
symbol rate that the transcdvcrs can supped; 

controlling the transceivers* in response to the automatic 
symbol rate sequence, to communicate at the maximum 
supportable symbd rate; 

executing an automatic constellation startup sequence at 
the controlled, highest symbol rate, to identify the 
largest signal constellation that sustains a predeter- 
mined signal quality parameter margin; and 
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setting the constellation size to the identified largest 
constellation. 

17. The method as defined in claim 16. wherein the step 
of executing an initial training sequence further comprises 

5 the steps of: 

utilizing a common, relatively low symbol rate; 
negotiating a symbol rate by first sending from the remote 

transceiver to the central office transceiver a list of 
iQ symbol rates suppoited by the remote transceiver, then 

receiving from the central office transceiver a list of 

symbol rates supported by the central office transceiver. 

then sending a request for a specific symbol rate; 
negotiating additional conununicatlng parameters; and 
detennining and setting the optimum constellation and 

interleaving depth. 

18. The method as defined in claim 16. wherein signal 
quality parameter indudes the signal-to-interference ratio. 

19. The method as defined in claim 18. wherein the 
interference indudes one or more items from the group 
consisting of: background noise, crosstalk, residual 
intersymbol intofereDoe, residual echo from a neighboring 
channd. and signal distortion. 

25 20. A method of transmitting a message of variable and 
undefined length over a plain old telephone service 
('TOTS**) between a central office and a remote transceiver 
comprising the steps of: 

(a) transmitting a header, induding a pseudo-random 
noise sequence generator, to provide an Initial synchro- 
nization signal; 

(b) transmitting a start bit to signal the beginning of the 
message transmission; 

35 (c) transmitting the message one bit at a tune; 

(d) transmitting a **r at periodic interval diroughout the 
message, the indicating a continuation bit. the 
being transmitted for a duration equal in length to the 
pseudo-random noise sequence; 

(e) resynchronizing a receiver upon receipt of each "1** 
received; and 

(f) indicating the end of the message transmission by 
transmitting a **0**. the **0^ being transmitted for a 

45 duration equal in length to the pseudo-random noise 
sequence. 

21. The method as defined in claim 20, wherein the 
periodic interval is every eighth bit. 
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